Extreme environmental and social conditions in polar and circumpolar regions present great challenges to people who have to spend extended periods of time at remote research stations in the region. This article is based on a case study of user evaluation of a winter-over station at the summit of the Greenland ice sheet. The study was conducted in 1997 through 1998. It focused on how design of a built facility in the isolated and confined environment of polar regions can help people better cope with the harsh isolation and confinement.
The study was initiated on the premise that if the built environment is proven to have effects on the well-being of its users under normal and temperate environments, it follows that these effects may intensify when the environment becomes extremely isolated and confined. Although high task motivation and unusual scenic landscapes help humans adapt to the harsh conditions, appropriate design of the built environment can play a role in reducing stress and adverse effects of isolated and confined environment (ICE) on human well-being. The physical built environment often becomes one of the few resources available to help inhabitants better cope with and adapt to the ICE conditions in polar regions. Conversely, the built environment may be a source of stresses if not designed appropriately. For example, the provision (or the lack) of privacy may be improved or made worse when designed differently. Likewise, psychological symptoms and problems associated with the extreme light-dark cycle may be alleviated by interior lighting design.
The following two research questions were essential to the study:
Research Question 1: How did the occupants of the winter-over station evaluate the design of the station, and how satisfied were they with the station as a whole, including the physical attributes of the station? Research Question 2: To what extent was the well-being of the inhabitants related to satisfaction with the built physical environmental conditions of the station?
LITERATURE REVIEW
The literature of scientific research and anecdotal reports on living and working in polar and circumpolar regions largely concentrates in two major areas. These include (a) design evaluations of the built environment of permanent research stations and semipermanent shelters and (b) investigations of physiological and psychological stresses and human adaptation to the harsh polar environment over time.
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A number of descriptive and evaluative studies of built structures in polar and circumpolar regions are reported in the literature of polar studies (Naval Civil Engineering Laboratory, 1991; Cold Regions Research and Engineering Laboratory, 1993) . The evaluations usually focused on physical aspects of the built environment such as structure, building materials, utilities, fire prevention, transportation, and waste disposal. Very few studies of the built environment in polar regions were carried out from a user perspective.
Several studies have been conducted since the late 1950s that identified physiological and psychological stressors and stresses unique to isolated and confined environments under polar and circumpolar conditions (Rivolier, Goldsmith, Lugg, & Taylor, 1988; T. Taylor, 1987) . Among the stressors are the hostile climate and physical danger (Palinkas, 1991; Suedfeld, 1991) , deprivation of a variety of environmental sensory stimuli (Gunderson & Nelson, 1963; Palinkas, 1991) , extreme light-dark cycle (Palinkas, 1991) , lack of privacy and personal territory identification and control (Carrere & Evans, 1994; Suedfeld, 1991; Weybrew & Noddin, 1979) , prolonged social isolation and confined small groups (Natani & Shurley, 1979; Oakley, 1986; Palinkas, 1991; Suedfeld, 1991) , and restricted mobility and outdoor recreational activity (Carrere & Evans, 1994) .
In investigating psychological status of polar inhabitants, some studies discovered positive psychological experiences (Bechtel, 1997; Wood, 1999) . Meanwhile, a list of symptoms of psychological stresses that were commonly experienced by polar and circumpolar inhabitants in ICE has been developed. Among them are feeling blue and lonely, sleep disturbance, feeling easily annoyed or irritated, feeling critical of others, feeling nervous or tense, inability to concentrate, feeling uneasy or overly worried and concerned, depression, visual distortion, debilitation of behavior, severe anxiety, deepening sense of fatigue, disengagement from social contacts, and "third quarter" declination in motivation and morale (Barabasz & Barabasz, 1986; Evans, Stokols, & Carrere, 1988; Gunderson, 1974; Leon, 1991; Palinkas, 1991; Steel & Suedfeld, 1991; Suedfeld, 1987; Ursin, 1991) . Although appropriate personnel selection and training, high job morale, as well as unusual polar and circumpolar scenery often helped ease the initial adaptation process, the stresses did cause a variety of symptoms of psychological problems.
This literature review has pointed out several limitations in previous studies. Little has been done to understand how design of the built environment affects psychological outcomes. Neither has there been extensive investigation on how design of the built environment can improve human adaptation to the harsh polar and circumpolar physical and social environment. Similarly, little systematic study has been conducted to find out if the built environment can be used in any way as a mediator to reduce stresses of ICE conditions.
Numerous studies have discovered that design of the built environment under normal social and temperate environmental conditions can affect human behavior and well-being (Altman & Christensen, 1990; Bechtel, 1997; Bechtel, Marans, & Michelson, 1987; Cherulnik, 1993; Marans & Spreckelmeyer, 1981; McAndrew, 1993; Stokols & Altman, 1987; Veitch & Gifford, 1996; Zeisel, 1981) . The effects of the built environment on inhabitants take place in many areas such as space perception, boundary and definition of personal space and territory, spatial and social crowding, visual and auditory privacy, personalization, ambient environmental conditions, environmental stimulation, and control.
Anecdotal reports and a few qualitative studies of design factors in ICEs indicate that the built environment plays a major role in inhabitants' well-being (Carrere & Evans, 1994; Suedfeld, 1991) . It follows that many of the stressors associated with polar and circumpolar ICEs can be neutralized and that many symptoms resulting from living and working in ICEs can be alleviated to a certain extent by appropriate design of the built environment. In fact, there are consistent themes in the design recommendations developed from research on ICEs such as submarines, orbiting spacecrafts, underwater habitats, and Antarctic research stations.
For instance, the importance of privacy has been emphasized as a critical factor in the design of ICEs (Connors & Herskowitz, 1985; Gunderson, 1974; Mocellin & Suedfeld, 1991; Stuster, 1996; T. Taylor, 1987) . The physical confinement associated with ICEs may heighten the need for privacy and for personal territory because there is less opportunity to regulate one's interactions with other people than in more traditional settings. Failure to provide adequate private space for personal needs, sleeping, working, and leisure activities can lead to low morale and fatigue (Carrere & Evans, 1994) . The flexible interior environment that permits variable rearrangement of furniture, color schemes, and lighting is believed to be another important design element in ICEs (Connors et al., 1985; Stuster, 1996) . Monotonous interiors and nonflexible objects and elements in ICEs are believed to dull the mind and adversely affect people's morale (Berry, 1973) . In Stuster (1996) and Huntford (1987) , ICE researchers and inhabitants noted the significance of the ability to personalize one's space.
The problem of sleep disturbance is another issue that is often experienced by many polar and circumpolar inhabitants. This is due to a combination of factors including extreme light-dark cycles, interior ambient environmental conditions, and lack of privacy (Gunderson, 1974) . All those factors have a clear bearing on the design of the built environment in ICEs.
Although there have been some studies conducted on psychological stressors and stress symptoms in ICEs, very little systematic investigation has been made to study the well-being of people living in small groups in small stations over extended periods of time. Some earlier studies involved larger stations of 15 people or more (Carrere & Evans, 1994; Gunderson, 1974; T. Taylor, 1987) . There is little doubt that physical and social conditions are quite distinct between large and small stations. If adaptation to the extreme physical environment and social conditions for people living and working in large stations can become a challenge, the challenge may be even greater for those in small stations. Inhabitants of small stations have a more confined condition and fewer physical and social resources available for coping with the harsh environment.
Another limitation of the previous studies resides in research methodology. There is relatively little to be found in the literature that has taken a systematic, postoccupancy evaluation (POE) approach to better understand the design of research stations in polar and circumpolar regions. Few studies collected extensive data pertinent to the physical environment and well-being status of the users. The exception is a study of the habitability of Australian Antarctic buildings by the Australian Antarctic Program (Nelson, 1992) . The study involved a survey of user evaluation of three research stations, Mawson, Casey, and Davis. These stations had an occupant population of 31, 17, and 30 people, respectively. If the research stations are to serve as more than providing weather protection and meeting work requirements, a POE study is the most effective way to evaluate the design and the human needs in relation to each other.
THE BUILT PHYSICAL ENVIRONMENT
In October 1996, the University of Nebraska-Lincoln (UNL), under a contract from National Science Foundation Office of Polar Programs (NSF-OPP), formed a team to design a new facility to be used for winter seasons at the site of the NSF-OPP Greenland Ice Sheet Project 2 at the summit of the Greenland ice sheet. The authors of this article served as the key members on the team. Construction of the station was completed in June 1997. In July 1997, the station was used as part of the summer camp facility. From August 1997 through April 1998, the station housed its first winter-over crew of four people.
The new station is located on a flat, snow-covered, and almost featureless plateau on the Greenland ice sheet at latitude 72°34'N and longitude 38°28'W. The altitude at the location is approximately 10,600 feet (3,230 meters) above sea level. The logistical base of support is a coastal airport at Kangerlussuaq, Greenland, located about 450 miles to the southeast. The winter temperature can stay at -50°F for extended periods of time during the winter months, with extremes recorded below -85°F. Winds have been recorded above 40 knots. The annual snow accumulation averages 2.3 to 2.6 feet. The project site is only accessible by ski-equipped aircraft.
Due to the very restrictive requirements of air transportability and limited resources of on-site construction, the station is small and confined, with an overall exterior size of approximately 1,150 square feet. The station is composed of two prefabricated modules and a middle space. Figure 1 illustrates the floor plan of the station, Figure 2 shows an exterior view of the station, and Figure 3 shows an interior view. One module is used for lab and office/communication function, whereas the other is used for kitchen and bath/laundry function. The middle space is divided into four bedrooms of approximately 65 square feet each, a common area, and a storage room. The middle space was constructed using prefabricated panels assembled on the site. It does not have its own foundation. It is supported by beams under the floor panels fastened to the two modules on both sides.
Several reasons led to the construction concept of the station. First, on-site construction needed to be minimized due to extremely limited resources and time at the site. Second, the method of initial construction needed to provide a relatively convenient way for disassembling and relocating the structure at the site biannually because the location receives more than 2 to 3 feet of annual snow accumulation and experiences heavy drifting. Last, the only means of transportation to the site was the use of a ski-equipped Lockheed Hercules LC-130 aircraft. The aircraft and landing weight restrictions dictate weights and dimensions of cargo. The maximum exterior size of the prefabricated lab and kitchen modules was limited to approximately 36 feet long, 8 feet wide, and 8 feet tall. The exterior height limitation in turn limits a maximum ceiling height to approximately 78 inches. A ceiling height of 78 inches throughout the entire station would not provide optimal comfort for living and working in the building for up to 8 months. By assembling the panelized middle space on site, the center section ceiling could be raised to 92 inches.
All of the rooms except the common area have at least one exterior window of 24 inches by 30 inches. The common area has a skylight in the middle. There are two completely independent heating units to heat the building as a safety measure. One is located in the lab module and the other in the kitchen module with individually adjustable air-supply grills. These two heating units provide heat to the center section through air ducts. A fuel-burning In addition to meeting weather protection requirements, research needs, and utility specifications, several design concepts were considered . They aimed at making the built environment a resource to help its winter-over occupants better adapt to the harsh environmental conditions, improve their well-being, and conduct research activities in a productive and efficient manner.
METHODS AND PROCEDURE

RESPONDENTS
In August 1997, the first winter-over crew of 4 people, 3 males and 1 female, moved into the station. They stayed at the station through the Arctic winter until April 1998. There were in total three flights made to the station from August to April to bring visitors of outside staff members, parts, supplies, and personal items. Visits occurred in September 1997 , November 1997 , and February 1998 The participants were informed at the beginning of the study that their participation in the study was voluntary and their identification would not be revealed in any publications and reports. Of the 4 winter-over people, 1 did not return the study questionnaire. Subsequent conversation with the respondent led the authors to believe that it was not because the participant felt negatively about the study in any way. The other 3 worked on both the user survey and the facility survey from time to time. Altogether, 67 out of 108 user survey questionnaires and 18 of 27 facility survey questionnaires distributed to the 3 winter-over people were returned. The response rate of the user survey was 62%, and the rate of the facility survey was 67%.
The age of the 3 respondents ranged from 20s to 40s. All of them had a bachelor's degree as their highest education received prior to the winter-over. They all worked in the Antarctic and/or Greenland at least once before. Their cumulative living and work experience in the polar region ranged from a total of 20 weeks to 120 weeks. One of the 3 took part in a winter-over operation once in the Antarctic. But it was apparently at a large station with approximately 200 people. Their reasons to participate in the winter-over at summit, Greenland, this time included "learning experience," "unique experience," "photography work," "challenge of the location," "interest in science," "unique opportunity for learning and growing as a person," and "enjoy solitude at a small station."
PROCEDURE
The longitudinal survey with the winter-over crew started in early August as soon as the winter-over season began. The survey had two questionnaires. One was an evaluation of the physical attributes of the facility, and the other was designed to evaluate satisfaction with the facility and the self-assessed status of their well-being. The facility survey was completed at a frequency of once every 4 weeks, whereas the well-being survey was conducted once every 10 days. The main purpose of collecting data on both evaluations of the built environment and self-assessed status of well-being was to see if the two were related.
The longitudinal survey was self-administered. The authors gave the crew an introduction to the study and the survey questionnaires at the station shortly before the winter-over started. All copies of the questionnaire were dated and bound into three-ring binders, one for each individual. The winter-over people were instructed not to look back to previous questionnaires while working on new questionnaires.
Several reasons led the authors to adopt the longitudinal survey method. The outdoor climatic, weather, and lighting conditions changed drastically Yan, England / ARCTIC RESEARCH STATION DESIGN 457 during the winter-over period. Therefore, only a longitudinal data collection approach would permit the authors to see how user evaluation, satisfaction, and well-being were related to changing environmental conditions over time. A longitudinal study would also allow the authors to test the hypothesis suggested in the literature that user satisfaction and evaluation of their built environment in regard to specific design issues would vary and the user would become increasingly sensitive to the built environmental conditions over time. Several early studies also used a longitudinal data collection procedure at intervals varying from daily to weekly to a few points of duration (Carrere & Evans, 1994; Gunderson, 1974; Gunderson & Nelson, 1963; Leon, 1991; Steel & Suedfeld, 1991; Wood, Lugg, and Harm, 1999) . Although it would be ideal to collect the data on a daily basis, it would become burdensome to the users, and that might adversely affect the response rate. In view of the fact that the duration of stay for winter-over people at the station would be 8 months, it was determined that the proposed frequency of data collection times should provide sufficient information from the winter-over group.
QUESTIONNAIRE
The questionnaires were composed of questions concerning the user satisfaction and evaluation of the built environment and self-assessed status of well-being. The facility survey questionnaire was made of approximately 100 structured questions and a few open-ended questions. The questions were structured into sections concerning evaluation of the station as a whole and individual rooms and spaces. The well-being survey questionnaire was made of about 30 structured questions and 1 open-ended question. The questions were organized into two main sections, one about their feelings toward selected issues of their life and work experience at the station and the other about their experience of symptoms of depression. Responses to all structured questions were collected using a conventional format of Likert, bipolar, ranking order, and semantic scales. Some open-ended questions were included.
Several physical attributes of the built environment and indoor ambient environmental conditions were surveyed. They were selected because they were assumed to be potentially related to user well-being. Items included the spatial design and configuration, separation, flexibility, color, personalization, lighting, noise, temperature, and humidity among others.
Measurement of well-being, as one of the key dependent variables, included self-reported measures of motivation, perception, feeling, expectation, and depression. Choosing self-report measures and scales to gather the information is based on the consideration that the method possesses the 458 ENVIRONMENT AND BEHAVIOR / May 2001 advantage of reflecting information via the person directly experiencing the phenomena (Derogatis, Lipman, Rickels, Uhlenhuth, & Covi, 1974) . The questionnaire used a few selected measures with modifications from a number of previously used scales, including measures of depression and anxiety of the Hopkins Symptom Checklist (HSCL) and measures of mood and depression of the Winter-Over Syndrome Scale (WOSS). All scales used a self-report method. The reason for selecting a few measures from each of the three scales was although each scale had been well developed, many of the measures have been used more in clinical psychology situations. Some of the measurements were fairly lengthy, thus were not suitable for the longitudinal survey of this study. The reliability coefficient (Cronbach's alpha) among measures of stress and depression was .79.
The questionnaire was designed to be short, concise, and easy to follow, requiring no more than 15 minutes each time to complete.
RESULTS AND DISCUSSION
EVALUATION OF THE BUILT ENVIRONMENT
The overall evaluation of the station and its individual spaces was quite positive throughout the duration of their stay. The average rating of the station as a whole was 4.17 on a 5-point scale with 5 being the most positive. The rating of the bedroom was 4.33, the common area 4.11, the lab 4.11, and the kitchen 3.94. The average rating throughout the season was 3.94 when asked about the station as a living space and 3.82 as a working space. As one respondent commented at the end of the winter-over season, "the station was well equipped and the new Green House [the nickname for the station] was a delightful and comfortable 'home away from home.'" Evaluations of several key attributes of the built environment were also on the positive side with a few exceptions.
Following is a report and discussion of the analysis of the evaluation instruments.
How did occupants rate the fire safety of the station? One issue considered in the design process was a possibility of a raised level of fire safety concern among the occupants ). This was due to the fact that there would be no immediate fire rescue available should fire ever break out. This issue was also mentioned in the design study of Australian Antarctic buildings. The ever-present threat of fire and the disastrous consequences it can have was thought to bear on the background anxiety levels of expeditioners (Nelson, 1992) . A potentially raised level of fire safety concern obviously would not contribute to the wellbeing of the occupants. As a result, several measures were taken to provide a higher level of fire protection than generally required in normal circumstances. For instance, the station is equipped with two completely independent mechanical systems in case one fails. There are six fire extinguishers placed inside the building, one by each of the four bedroom doors, one in the kitchen, and one in the lab. In addition, there are seven fire alarms installed throughout the building. Each bedroom was fitted with a window large enough for escaping, and the kitchen and lab modules had a roof hatch to outside. Several questions were included in the questionnaire regarding concerns for fire safety at the station. The evaluation of fire safety at the station had an average rating of 4.44 on a 5-point scale.
How did occupants evaluate the green color of the exterior and interior finish?
One of the challenges that is quite inevitable when living and working in polar and circumpolar regions over time is a deprivation of visual stimuli in terms of certain colors, such as green, that are abundant in normal temperate environments. The visual environment of landscape at the summit is predominantly white. Partly due to this consideration, a bluish-green color was used for the exterior of the station as well as part of its interior although it might be uncommon to have bedrooms painted green. The longitudinal survey results show that evaluations of the exterior and interior colors were again quite positive. The score of the exterior color was 4.53, and the bedroom interior was 4.06, for instance.
It should be noted that responses to several open-ended questions revealed an interesting thing. One person wrote that "the crew derived a great deal of pleasure, quiet entertainment, as well as fresh garnishes" from houseplants they brought to the station and grew through the season. As a result, the winter-over crew recommended that "it would be most advantageous for future camps to plan a small room or space for such purposes with proper lighting and perhaps hydroponic capabilities." However, the data available are not sufficient to tell if the desire and pleasure of having some plants were in part due to the same reason for high evaluation of the green station color discussed earlier. A hypothesis that the two are related may not be out of order. Future study of the appreciation for green colors and in-house plants is needed to see if both of them are in part a result of a lack of green color in visual stimuli in polar regions.
How did they evaluate the lighting conditions inside the station?
The extreme light-dark cycle in polar and circumpolar regions makes lighting design for the built environment one of the most critical issues. No direct sunlight was visible at the site from mid-November to mid-January. The drastic change in outdoor lighting conditions through the winter season may result in different lighting requirements. General interior lighting at the station is provided by fluorescent lights mounted on the ceiling inside the two modules and on the walls inside the common area and bedrooms. Each of the rooms at the station has individual lighting switches. In addition, electrical outlets are available for task lighting in each of the rooms at the station. The survey data indicate the average rating of interior lighting conditions at the station was positive. The lighting in the bedrooms was rated 3.71, and the common area that has no window except a skylight at the center was rated 3.67. The data available, however, are not sufficient to study if user evaluations of the lighting conditions varied significantly along with the outside lighting condition. Neither are the data enough to study if window and interior lighting design of the station were indeed vital in helping the occupants cope with the extreme lighting conditions through the season. These issues need to be addressed in future studies.
How did occupants evaluate the separation between private and public space? One of the challenges facing occupants living and working at small stations under ICE conditions is the often cramped space and limited separation between one's private space and the public area. At small stations in isolated remote regions, the separation between the "home" and public space is less defined and much weaker compared with that under normal living and working conditions. Small stations are both home and work place. As Figure  1 shows, public and private spaces at the summit station are separated only by single walls between bedrooms and the common area. The size of the station does not allow any kind of spatial separation between the two that could otherwise be very useful for visual separation. The survey data indicate that the separation between the public and private space at the station was rated 2.67 on a 5-point scale. Although the score was still close to the midpoint of the scale, it nevertheless indicates an area of less satisfaction when considering the fact that many other attributes of the physical environment were scored quite high on the positive side.
How did occupants evaluate the noise condition at the station? Noise often comes from three primary sources in polar and circumpolar regions:
Yan, England / ARCTIC RESEARCH STATION DESIGN 461 high-speed winds outside and human noise and machinery noise inside. Noise conditions within the built environment can potentially cause two problems, sleep disturbance and intrusion to acoustic privacy. Naturally, this can be more serious within small winter-over stations such as the new summit station. Insulation of the walls and panels of the station is made of 5-inch high-density sprayed foam with the insulation value R = 35. The user evaluation of noise condition at the station indicated that the facility was well insulated from outside noise of high-speed wind. However, the insulation among rooms inside did not seem to be adequate. The evaluation of noise condition of the bedrooms was rated as 2.78. The lab, which had some noisy equipment, was 1.78 on a 5-point scale. Compared to ratings of other environmental aspects of the station, the sound insulation was one of the areas not rated favorably. As one respondent put it,
The sound insulation between adjacent bedrooms and the living room could be improved. It was adequate for this crew as we all tend to be quiet (dictated to some extent by noise transmission). . . . However, with a different crew it may not be so.
The data available with this study are, however, insufficient to test a hypothesis that people in ICE would become increasingly more sensitive to unwanted things such as noise over time. It needs to be studied in the future.
How did occupants evaluate the means of personalization at the station?
As stated earlier, several previous studies indicated that providing a certain degree of flexibility and means of personalization are of great importance to the well-being of people in ICEs. Personalization often becomes a mediator that helps reduce stress. At the summit station, two features facilitated the flexibility and personalization at the station. First, it did not use wallmounted furniture that would prohibit any furniture rearrangement. Second, the finish of the interior wall, although made of sheet metal, still allows occupants to do some carpentry work to it for personalization purposes such as hanging pictures. The evaluation of the means of personalization at the station as a whole and in the bedrooms was rated positively with scores of 3.61 and 4.00, respectively. The standard deviations were relatively high compared with others. They were 1.20 and .97, respectively. In fact, all 4 users managed to manufacture some shelving and customized their bedrooms for storage and personal items. Some customization was done to the common space in which book and plant shelves were constructed. The ability to customize spaces was appreciated by the crew as it "allowed for much individuality."
USER EVALUATION OF DESIGN AND MANAGEMENT ISSUES
To find out how occupants would prioritize any improvements to design of polar stations in general and the summit station in particular, the questionnaire included a list of design and management issues. The respondents were asked to rate each of them in regard to the importance for future improvement. The statistical analysis of the responses results in the rank-order list from most to least important based on the aggregated data on a 7-point scale in Table 1 .
Although some of the ratings in the list are quite understandable, others provide interesting lessons to be learned. First, a priority on the list is a need to "increase exercise options at station." This more or less reflects, although in an indirect way, a response to the long-term spatial confinement. Unlike large stations where more options of exercise equipment can be possible, the limited space of small stations precludes many options.
Second, the fact that the sound insulation is at the top part of the list suggests once again that the station had an acoustic insulation problem. In addition, it also suggests that the sound insulation between rooms is an important issue for the users as it relates to sleep and acoustic privacy. This finding agrees with those of the Australian study (Nelson, 1992) in which the lack of privacy problem was associated with inadequate soundproofing of interior walls. The Australian study reported that (inadequate soundproofing of bedroom walls) was an aspect that negatively affected expeditioners' well-being and productivity. Third, it is interesting to note that increasing sizes of bedrooms and the common area received quite low priority although neither is spacious. Spatial confinement apparently was not strongly felt during the project period. It may suggest that size of spaces is perhaps not as important as having good private spaces and good separation between the public and the private.
Fourth, the greenish interior and exterior colors, although an unusual selection, was not bothersome at all. They were, in fact, the least important things that would need to be improved in the future.
Finally, the low rating of improvement for weather and fire safety provides another indication that current design of the station in regard to fire and weather safety was considered to be sufficient by its users. That also explains why the level of fire and weather safety concern in the mind of users stayed very low throughout the season as revealed in the survey.
THE CORRELATION
Several correlation analyses were conducted to provide additional understanding of the relationship between self-described well-being status and environmental factors. The following reports results of the analysis.
The winter-over crew was given a number of questions in the periodical survey to self-describe their well-being. One of the questions asked respondents to describe their well-being and the other their mood. Table 2 reveals the correlation between self-assessed well-being and self-described mood with some selected environmental, psychological, and life-quality factors as well as feeling of depression through the winter-over period.
As Table 2 shows, self-assessed well-being and mood of the respondents were highly related to a number of environmental factors such as interior conditions, indoor environment (temperature and humidity), noise, and ability to maintain a level of privacy at the station.
When analyzing relationships between well-being and mood of respondents and several psychological factors of living and working in the station, again, several significant relations seemed to exist. Both well-being and mood were related to feelings toward colleagues, connections with home institutions, connections to the outside world, and concerns for families and friends.
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In the periodical survey questionnaire, several questions were included to ask the respondents to describe if they experienced any of the listed feelings of depression for the time period since the last time they filled in the questionnaire.
The periodical survey questionnaire also included questions concerning their experienced quality of working and living at the station. The questions were formed using a bipolar adjective format. tired or energetic, feeling restless or restful, feeling bored or excited, and feeling nervous or relaxed. Also shown in Table 2 , well-being and mood of users were highly related to feeling blue, feeling annoyed or irritated by others, feeling bothered by things at the station, and somewhat related to feeling lonely and feeling it difficult to fall asleep. It should be noted that the high correlation coefficients reported here do not suggest that users experienced a significant level of feelings of depression. According to the survey data, their self-described wellbeing and mood were on the positive sides and so were their reports on feelings of depression.
CONCLUSION
The discussion in this article must be seen in the context of the limiting factors. The study revealed some trends and tendencies. More successive surveys over a period of several winter-over seasons are necessary before more reliable and conclusive results can be developed. It should also be noted that the survey was not balanced in the sense that it emphasized more on the potential negative sides of the effects of living and working in ICEs.
The results of the longitudinal survey of users of the summit station present a quite positive picture. The station, although quite small and confined, received in general a very good evaluation from the first winter-over occupants. The users maintained a positive evaluation of the built environment throughout the entire season. However, effects of the spatial confinement on the users were somewhat visible. The low ratings in terms of the separation between public and private space and indoor noise and acoustic privacy are indeed related to spatial confinement of the station. The fact that at the top of their list for future improvements were "increase exercise options at station," "individual control of temperature/humidity," and "sound insulation" provides yet another indication of effects of the confinement.
Data available from the survey are not sufficient to establish relationships between the self-described well-being and mood on one hand and environmental factors, psychological factors, and symptoms of depression on the other hand. However, it has nevertheless revealed some tendencies between them. High values of correlation coefficients between the self-described well-being and evaluation of indoor environment, a need to maintain privacy, concerns about family/friends, feeling tired, and feeling nervous are worth further investigation, for instance.
ENVIRONMENT AND BEHAVIOR / May 2001
less tolerance to undesirable outside stimuli. Intrusion of unwanted sound from neighboring rooms and mechanical equipment could lead to serious stress when problem persists.
Lighting. The extreme light-dark cycle in polar and circumpolar regions makes lighting design of the built environment an important issue. The prolonged daylight of midsummer often becomes one of the major sources of serious sleeping disturbance for many. On the other hand, the constant darkness of midwinter in the regions can also cause stress and result in the loss of a sense of time. To alleviate the adverse effect of the extreme outdoor lighting conditions on its inhabitants, careful interior lighting and window design is needed for the built environment in polar regions.
Visual stimuli. Living in polar and circumpolar regions often means a deprivation of sensory stimuli or monotony in visual environmental stimuli. In an ice sheet station in Greenland or Antarctica or during winter in the high Arctic, there is an absence of landscape with green color of plants, for instance. The primary color is white and there are very few others. Enriching the visual stimuli within the built environment through color schemes of interiors, furniture, and exteriors should be carefully considered in designing the built environment for polar regions.
Perception of safety.
To withstand the extreme climatic and weather conditions, many design and construction criteria have been developed for the built environment in polar and circumpolar regions. However, the complete isolation and the lack of emergency rescue resources available in the region often cause a raised concern about weather and fire safety in the minds of inhabitants. Some additional special safety consideration in design should help ease the minds of inhabitants.
